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(57) ABSTRACT 

[Problems] A higher forgery prevention effect is realized. 
[Means for Solving Problems] A display according to the 
present invention is characterized by includes a relief-struc 
tured region as an image-constituting element including 
recessed portions, protruding portions or both of them 
arranged two-dimensionally on one of main surfaces of a 
light-transmitting layer, and a re?ection layer supported by 
the one of the main surfaces and covering at least a part of the 
relief-structured region, Wherein a center-to-center distance 
of the recessed portions, protruding portions or both of them 
falls Within a range of 200 nm to 500 nm. Further, it is 
characterized in that it comprises multiple relief-structured 
regions, and a shape, depth or height, the center-to-center 
distance and an arrangement pattern of the recessed portions, 
protruding portions or both of them in at least one of the 
relief-structured regions are different from those in other 
relief-structured region(s). 

12 Claims, 11 Drawing Sheets 
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DISPLAY AND LABELED ARTICLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a Continuation Application of PCT Application No. 
PCT/JP2007/072133, ?led Nov. 14, 2007, Which Was pub 
lished under PCT Article 21 (2) in Japanese. 

This application is based upon and claims the bene?t of 
priority from prior Japanese Patent Application No. 2007 
254689, ?led Sep. 28, 2007, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a forgery prevention tech 

nique. 
2. Description of the Related Art 
Authentication articles such as cash cards, credit cards and 

passports and securities such as gift certi?cates and stock 
certi?cates are desired to be di?icult of forgery. For this 
reason, a label Which is di?icult of forgery or imitation and 
Which makes it easy to distinguish a genuine article from a 
forged article or an imitated article has conventionally been 
attached to such an article in order to suppress the forgery. 

Further, in recent years, circulation of forged articles is 
regarded as a problem also for articles other than the authen 
tication articles and securities. For this reason, opportunities 
have been increasing to apply the forgery prevention tech 
nique mentioned for the authentication articles and the secu 
rities to such articles. 

Patent document 1 describes a display in Which multiple 
pixels are arranged. In this display, each pixel includes a 
relief-type diffraction grating in Which grooves are arranged. 

This display displays an image by utiliZing diffracted light, 
and hence it is impossible to forge the display using the 
printing technique or electrophotographic technique. Accord 
ingly, if this display is attached to an article as a label for 
authentication, seeing the image displayed on the label makes 
it possible to con?rm that the article is genuine. Therefore, an 
article to Which this label is attached is hardly forged as 
compared With an article to Which this label is not attached. 

The above-mentioned relief-type diffraction grating, hoW 
ever, can be formed With comparative ease if a device such as 
a laser is available. Further, in the above display, although a 
change in the display image is caused by changing an incident 
angle of the illumination light, an observation angle or an 
orientation of the display, the change is not so rich in variety. 
Therefore, With the development of the technology, the forg 
ery prevention effect of this display is becoming loWer. Inci 
dentally, di?iculty of forgery or imitation, or ease in distinc 
tion of a genuine article from a forged or imitated article is 
called here a forgery prevention effect. 
Patent document 1: Jpn. Pat. Appln. KOKAI Publication No. 

2-72320 

BRIEF SUMMARY OF THE INVENTION 

Problem to be Solved by Invention 

An object of the present invention is to realiZe a higher 
forgery prevention effect. 

Means for Solving Problem 

According to a ?rst aspect of the present invention, there is 
provided a display characterized by comprising a relief-struc 
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2 
tured region as an image-constituting element including 
recessed portions, protruding portions or both of them 
arranged tWo-dimensionally on one of main surfaces of a 
light-transmitting layer, and a re?ection layer supported by 
said one of the main surfaces and covering at least a part of the 
relief-structured region, Wherein a center-to-center distance 
of the recessed portions, protruding portions or both of them 
falls Within a range of 200 nm to 500 nm. 

According to a second aspect of the present invention, there 
is provided a labeled article characterized by comprising the 
display according to the ?rst aspect, and an article supporting 
it. 

ADVANTAGEOUS EFFECT OF INVENTION 

According to the present invention a higher forgery pre 
vention effect can be realiZed. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention Will be described 
beloW in detail With reference to the accompanying draWings. 
Incidentally, in the draWings, constituent elements exhibiting 
the identical or similar function are denoted by the identical 
reference symbols, and a duplicate description Will be omit 
ted. 

FIG. 1 is a plan vieW schematically shoWing a display 
according to an aspect of the present invention. FIG. 2 is a 
cross-sectional vieW of the display shoWn in FIG. 1 taken 
along the line 11-11. 

This display 10 is constituted by a light-transmitting layer 
11 and a re?ection layer 13. In the example shoWn in FIG. 2, 
one of the main surfaces of the light-transmitting layer 11 
includes a relief-structured region 1211 and a non-relief-struc 
tured region 12b. As Will be described later, the relief-struc 
tured region 1211 is provided With recessed portions, protrud 
ing portions or both of them. 

Further, on the main surface of the light-transmitting layer 
1 1 that includes the relief-structured region 1211, the re?ection 
layer 13 is formed such that it covers at least a part of the 
relief-structured region 1211. 
As a material for the light-transmitting layer 11, for 

example, a resin With optical transparency can be used. For 
example, When a thermoplastic resin or a photo-setting resin 
is used, it is possible to easily form a light-transmitting layer 
11 provided With recessed portions, protruding portions or 
both of them on one main surface thereof by transfer using a 
master. 

In the case Where the display 10 according to the present 
invention includes both of the light-transmitting layer 11 and 
the re?ection layer 13, damage of surface of the relief-struc 
tured region 1211 is less prone to occur and an image With a 
higher vieWabillity can be displayed on the display as com 
pared With the case Where it includes only one of them. 
As the re?ection layer 13, for example, a metallic layer 

made of a metallic material such as aluminum, silver, and 
alloys thereof can be used. Alternatively, a dielectric material 
layer With a refractive index different from that of the light 
transmitting layer may be used as the re?ection layer 13. 
Further, as the re?ection layer 13, a laminated body of dielec 
tric layers in Which adjacent layers have different refractive 
indices, ie a multilayered dielectric ?lm, may be used. HoW 
ever, one of the dielectric layers of the dielectric multilayer 
?lm that is in contact With the light-transmitting layer 11 
needs to have a refractive index different from the refractive 
index of the light-transmitting layer. 
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FIG. 3 is a perspective vieW showing, in an enlarging 
manner, an example of a structure that can be employed in the 
relief-structured region 1211 of the display shoWn in FIGS. 1 
and 2. 

The relief-structured region 1211 shoWn in FIG. 3 is pro 
vided With protruding portions 14b. Although the relief-struc 
tured region 1211 is constituted only by the protruding portions 
14b, this is merely an example. In the present invention, the 
relief-structured region 1211 can be constituted by recessed 
portions or by recessed portions and protruding portions. 

Note that the non-relief-structured region 12b is a ?at sur 
face. 

Next, the special visual effect of the display 10 originated 
from the relief-structured region 1211 Will be described. 

FIG. 4 is a vieW schematically shoWing a state Where the 
relief-structured region 1211 emits diffracted light. In FIG. 4, 
31 denotes illumination light, 32 denotes regular re?ected 
light or O-order diffracted light, and 33 denotes lst-order 
diffracted light. 

In the case Where center-to-center distances of the recessed 
portions, protruding portions or both of them have a constant 
periodicity, When the relief-structured region is illuminated, 
the relief-structured region emits diffracted light in a speci?c 
direction that depends on a traveling direction of the illumi 
nation light as the incident light. 

lst-order diffracted light is the most representative dif 
fracted light. An angle of emergence [3 of 1 st-order diffracted 
light can be calculated using the folloWing equation (1). 

dImh/(sin ot-sin [5) (1) 

In this formula (1), d represents a center-to-center distance 
of the recessed portions or protruding portions, and 7t repre 
sents a Wavelength of the incident light and the diffracted 
light. Further, 0t represents the angle of emergence of the 
O-order diffracted light, i.e., the transmitted light or the regu 
lar re?ected light. In other Words, 0t is equal in absolute value 
to the incident angle of the illumination light, and is sym 
metrical to the incident angle With respect to the Z axis (in the 
case of the re?ection-type diffraction grating). Incidentally, 
as for 0t and [3, the clockWise direction from the Z axis is the 
positive direction. 
As is evident from the formula (1), the angle of emergence 

[3 of the lst-order diffracted light changes according to the 
Wavelength 7». That is, the relief-structured region has a func 
tion as a spectroscope. Accordingly, in the case Where the 
illumination light is White light, When the observation angle is 
changed, the color perceived by the observer Will be changed. 

Further, the color perceived by the observer under a certain 
observation condition changes according to the grating con 
stant d. As an example, it is assumed that the relief-structured 
region emits lst-order diffracted light in the normal direction 
thereof. That is, it is assumed that the angle of emergence p of 
the lst-order diffracted light is 0°. Further, it is assumed that 
the observer perceives this lst-order diffracted light. When it 
is assumed that the angle of emergence of the O-order dif 
fracted light at this time is (XN, the formula (1) can be simpli 
?ed to the folloWing formula (2). 

dIK/Sin (IN (2) 

As is evident from the formula (2), in order to alloW the 
observer to perceive a speci?c color, it su?ices that a Wave 
length 7» corresponding to the color, an incident angle lotNl of 
the illumination light, and a center-to -center distance d are set 
to satisfy the relationship shoWn by the formula (2). 
As described above, the center-to-center distance of the 

recessed portions, protruding portions or both of them pro 
vided in the relief-structured region 1211 falls Within a range of 
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4 
200 nm to 500 nm. Therefore, the re?ectance for the regular 
re?ected light 32 With respect to the illumination light 31 can 
be decreased signi?cantly, and the periodicity of the structure 
may alloW visible light to be emitted as the lst-order dif 
fracted light 33 in a speci?c direction depending on the inci 
dent angle of the illumination light 31. 

Thus, When the display 10 according to the present inven 
tion is observed in the normal direction, the relief-structured 
region 1211 is seen black. Here, “black” means that the re?ec 
tance for any of the light components Within a Wavelength 
range of 400 nm to 700 nm is 25% or less When the display 10 
is irradiated With light from the normal direction and the 
intensity of the regular re?ected light is measured. Thus, the 
relief-structured region 1211 is seen as if it is a black printed 
layer. 

In the case Where the angle of emergence of the lst-order 
diffracted light from the relief-structured region 1211 falls 
Within a range of —90° to 90°, if the angle formed by the 
normal to the display 10 and the observation direction is set 
appropriately, the observer can perceive the lst-order dif 
fracted light 33 from the relief-structured region 12a. Thus, in 
this case, it is possible to check With eyes that the relief 
structured region 1211 is different from a black printed layer. 

That is, the relief-structured region 1211 can greatly 
decrease the re?ectance for regular re?ected light With 
respect to incident light and can alloW visible light to be 
emitted as re?ection-diffracted light by the periodicity of the 
structure in a speci?c direction depending on the incident 
angle of the incident light. Therefore, under mo st observation 
conditions, the relief-structured region 1211 is seen black 
While the regular re?ected light 32 from the non-relief-struc 
tured region 12b can be observed, and a high-contrast image 
can thus be displayed. 
On the other hand, since diffracted light can be observed 

under the aforementioned condition Where the lst-order dif 
fracted light 33 can be observed, it is possible to impart an 
unique visual effect that an image seen black under a normal 
condition is suddenly seen lucently When changing the ob ser 
vation angle. 

Therefore, When the display 10 is used as a label for forgery 
prevention, a high forgery prevention effect can be achieved. 
The master can be formed using a method in Which inter 

ference fringes are recorded in a photoresist by a laser beam 
or a method in Which micromachining is performed at a 
constant pitch. Further, When embossing is performed on a 
thermoplastic resin or a photo-setting resin using the master, 
the same displays can be manufactured in quantity With a high 
degree of precision. On the other hand, it is very di?icult to 
analyZe the microstructure and the arrangement pattern from 
the appearance of the display according to the present inven 
tion and to manufacture the same display. Thus, its forgery 
prevention effect is high. 

FIGS. 5 and 6 are plan vieWs each schematically shoWing 
an example of a display, a display surface of Which is consti 
tuted by multiple relief-structured regions. 

In the display 10 shoWn in FIG. 5, the display surface is 
constituted by tWo relief-structured regions PX1 and PX2 and 
tWo non-relief-structured regions PX3 and PX4. The relief 
structured region PX1 and the relief-structured region PX2 
have different relief shapes. Here, relief shape means a shape, 
a depth or height, a center-to-center distance and an arrange 
ment pattern of the recessed portions or the protruding por 
tions. 

In the display shoWn in FIG. 5, since tWo relief-structured 
regions (PX1 and PX2) are arranged in-plane, it is possible to 
set a gray-scale and colors of an image and a direction in 
Which an image can be observed by utiliZing the optical 
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difference between the tWo relief-structured regions having 
different relief shapes (that is the difference in re?ectance, 
diffraction ef?ciency, angle of emergence and Wavelength, 
i.e., color of diffracted light, etc.). Thus, an image can be 
displayed With a great visual effect. 

In the display 10 shoWn in FIG. 6, the display surface is 
constituted by tWo relief-structured regions PXS and PX6 and 
a single non-relief-structured region PX7. The relief-struc 
tured region PXS and the relief-structured region PX6 have 
different relief shapes. 

In the display 10 shoWn in FIG. 6, relief-structured regions 
(PXS and PX6) are arranged adjacent to each other. The 
diffracted light emitted by one of the relief-structured regions 
(for example, PXS) is re?ected by one of surfaces of the 
light-transmitting layer 11 that does not have a relief-struc 
tured region and then further diffracted by the other relief 
structured region (for example, PX6) adjacent thereto. This 
diffracted light is emitted only from the boundary betWeen the 
adjacent regions in a direction in Which it cannot be emitted 
only by either of the relief-structured regions (PXS or PX6). 
Thus, the boundary betWeen the adjacent regions can be seen 
lucently like a border. Particularly, even under such an illu 
mination condition Where the diffraction angle is to large to 
alloW diffracted light to be observed in a direction almost 
equal to the normal direction only by either of the relief 
structured regions (PXS or PX6), observation of diffracted 
light can be made easily. Since this visual effect does not 
contradict With the aforementioned visual effect, it is possible 
to obtain a visual effect of sWitching among the folloWing 
three states: the state Where each of the relief-structured 
regions (PXS and PX6) is seen black While the border of the 
adjacent relief-structured regions (PXS and PX6) having dif 
ferent relief shapes emits diffracted light in addition to the 
tWo states, i.e., black and diffracted light. 

FIG. 7 is a perspective vieW shoWing, in an enlarging 
manner, an example of a structure that can be employed in a 
relief-structured region. 

The relief-structured region 1211 shoWn in FIG. 7 includes 
recessed portions 14a, protruding portions 14b and interme 
diate portions 140 and has recessed lines 1611 formed by the 
recessed portions 14a and protruding lines 16b formed by the 
protruding portions 14b. Longitudinal directions (Y direction 
in FIG. 7) of the recessed lines 1611 and the protruding lines 
16b are almost the same. The recessed lines 1611 and the 
protruding lines 16b are alternately arranged in a direction Qi 
direction in FIG. 7) crossing the longitudinal direction Y. 
Although the longitudinal direction Y and the direction X 
cross at right angles here, it should not be limited such a 
structure. 

Further, the intermediate portions can be omitted. 
It should be noted in the case Where embossing is utiliZed 

for volume production, it is preferable in terms of ease of 
molding that Whole the relief-structured region 1211 including 
the recessed portions 14a and the protruding portions 14b is 
loWer than the main surface. 

The recessed line 1 6a in the present invention is constituted 
by recessed portions arranged in a line. The recessed line 1611 
may be a straight line as shoWn in FIG. 7, a curved line or a 
serpentine curve. The same is applied to the protruding line 
16b of the present invention. 

Further, it suf?ces that the longitudinal directions of the 
recessed lines 1611 and the protruding lines 16b are almost the 
same. This means that the recessed line 16a and the protrud 
ing line 16b adjacent to each other do not intersect each other. 

Since the relief-structured region 1211 includes the recessed 
portions 14a and the protruding portions 14b, a loWer re?ec 
tance can be achieved even When the depth of the recessed 
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6 
portions 14a is made shalloWer or the height of the protruding 
portions is made loWer as compared With the case Where the 
relief-structured region includes only the recessed portions 
1411 or the protruding portions 14b. In other Words, a deeper 
black can be displayed Without making the depth of the 
recessed portions 14a deeper or the height of the protruding 
portions 14b higher. 

In addition, since the relief shape is more complicated as 
compared With the relief-structured region including only the 
recessed portions 1411 or the protruding portions 14b, analysis 
of the relief shape is more dif?cult. Thus, the forgery preven 
tion effect is enhanced. 

FIG. 8 is a plan vieW schematically shoWing a method of 
manufacturing the relief-structured region 1211 including the 
recessed portions 14a and the protruding portions 14b. 

In FIG. 8, the ?rst formation of linear recesses is performed 
in theY direction as shoWn by the broken line-regions L1 to 
L5. Then, the second formation of linear recesses is per 
formed in the X direction as shoWn by the broken line-regions 
L6 to L10. At the intersections of the broken line-regions L1 
to L5 and the broken line-regions L6 to L10, the deepest 
recessed portions 14a (shoWn in FIG. 8 as black circles) are 
formed because the formation of recesses is performed tWice. 
At the portions of the broken line-regions L1 to L10 other 
than the intersections of the broken line regions, intermediate 
portions 140 Whose depth is almost one-half the depth of the 
recessed portions 1411 are formed because the formation of 
recesses is performed only one time. At the portions outside 
the broken line-regions L1 to L10 and surrounded by the 
broken line-regions L1 to L10, protruding portions 14b hav 
ing no depth (shoWn in FIG. 8 as White circles) are formed 
because the formation of recesses does not performed. Spe 
ci?c methods for the formation of recesses include a method 
of recording an interference pattern into a resist material 
using a laser and a method utiliZing electron beam draWing. 

In the master for the relief- structured region 1211 formed by 
the method shoWn in FIG. 8, the surface of the resist material 
and the tips of the protruding portions 14b are positioned at 
the same level. That is, When assuming the level of the inter 
mediate portions 140 is a ?at surface as a reference level, the 
reference level is positioned loWer than the surface of the 
resist material. 

HoWever, the relief-structured region 1211 is not limited to 
this. In the relief-structured region 1211 including the recessed 
portions 14a and the protruding portions 14b, the reference 
level may be positioned at the same level as that of the surface 
of the resist material or may be positioned higher than it. 
Further, as described above, the intermediate portions 140 
may be omitted. 

Note that as for the relief-structured region 1211 including 
the recessed portions 14a and the protruding portions 14b, the 
depth of the recessed portions 14a and the height of the 
protruding portions 14b means depth and height from the 
reference level, respectively. 

FIGS. 9 to 12 are plan vieWs each schematically shoWing 
an example of arrangement pattern of recessed portions, pro 
truding portions or both of them that can be employed in the 
relief-structured region 1211. 

In FIG. 9, the arrangement of the recessed portions, pro 
truding portions or both of them form a square lattice. This 
structure can be manufactured comparatively easily by using 
a micromachining apparatus such as an electron beam draW 
ing apparatus and a stepper, and it is comparatively easy to 
accurately control the center-to-center distance or the like of 
the recessed portions, protruding portions or both of them. 

Further, in the structure shoWn in FIG. 9, the recessed 
portions, protruding portions or both of them are arranged 



US 8,147,945 B2 
7 

regularly. Accordingly, When the center-to -center distance of 
the recessed portions, protruding portions or both of them is 
set 200 nm or more, it is possible to alloW the relief-structured 
region 1211 to emit diffracted light. In this case, it is possible 
to visually con?rm that the relief-structured region 1211 is 
different from a black printed layer. Further, When the center 
to-center distance of the recessed portions, protruding por 
tions or both of them is set less than 200 nm, emission of 
diffracted light from the relief-structured region 1211 can be 
prevented. In this case, in terms of the observed color, it 
becomes dif?cult to visually con?rm that the relief- structured 
region 1211 is different from a black printed layer. 

Although the center-to-center distance of the recessed por 
tions, protruding portions or both of them in the X direction 
and that in theY direction are made equal to each other in FIG. 
9, the center-to-center distances of the recessed portions, 
protruding portions or both of them may be made different in 
the X direction and theY direction. That is, the arrangement 
of the recessed portions, protruding portions or both of them 
may form a rectangular lattice. 
When the center-to-center distances of the recessed por 

tions, protruding portions or both of them are set compara 
tively long in both of the X direction and theY direction, it is 
possible to alloW the relief-structured region 1211 to emit 
diffracted light in both the case Where the display 10 is illu 
minated from a direction perpendicular to theY direction and 
the case Where the display 10 is illuminated from a direction 
perpendicular to the X direction, and is possible to make the 
Wavelength of the diffracted light in the former case and that 
in the latter case different from each other. When the center 
to-center distances of the recessed portions, protruding por 
tions or both of them are set comparatively short in both the X 
direction and the Y direction, it is possible to prevent the 
relief-structured region 1211 from emitting diffracted light 
regardless of the illumination direction. When the center-to 
center distances of the recessed portions, protruding portions 
or both of them are set comparatively long in one of the X 
direction and theY direction, and are set comparatively short 
in the other of the directions, it is possible to alloW the relief 
structured region 1211 to emit diffracted light When the display 
10 is illuminated from a direction perpendicular to one of the 
Y direction and the X direction, and prevent the relief-struc 
tured region 1211 from emitting diffracted light When the 
display 1 0 is illuminated from a direction perpendicular to the 
other of the Y direction and the X direction. 

In FIG. 10, the arrangement of the recessed portions, pro 
truding portions or both of them forms a triangular lattice. In 
the case Where this structure is employed, as in the case Where 
the structure shoWn in FIG. 9 is employed, if the center-to 
center distance of the recessed portions, protruding portions 
or both of them is set comparatively long, it is possible to 
alloW the relief-structured region 1211 to emit diffracted light, 
and if the center-to-center distance of the recessed portions, 
protruding portions or both of them is set comparatively short, 
it is possible to prevent the relief-structured region 1211 from 
emitting diffracted light. 

Further, When the structure shoWn in FIG. 10 is employed, 
if the center-to-center distance of the recessed portions, pro 
truding portions or both of them is appropriately set, it is 
possible to prevent the relief- structured region 1211 from emit 
ting diffracted light When the display 10 is illuminated from, 
for example, the direction A, and alloW the relief-structured 
region 1211 to emit diffracted light When the display 10 is 
illuminated from the direction B or C. That is, a more com 
plicated visual effect can be achieved. 

In FIG. 11, the recessed portions, protruding portions or 
both of them are arranged irregularly. When the recessed 
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8 
portions, protruding portions or both of them are arranged 
irregularly, emission of diffracted light from the relief-struc 
tured region 1211 becomes less prone to occur. Incidentally, 
this structure can be formed by, for example, recording inten 
sity distribution of speckles utiliZing interference of light. 

In FIG. 12, in addition to the fact that the recessed portions, 
protruding portions or both of them are arranged irregularly, 
their siZes are nonuniform. In the case Where this structure is 
employed, emission of diffracted light from the relief-struc 
tured region 1211 becomes less prone to occur as compared 
With the case Where the structure shoWn in FIG. 11 is 
employed. 
As exempli?ed in FIGS. 9 to 12, various modi?cations can 

be made to the arrangement pattern of the recessed portions, 
protruding portions or both of them. Further, each arrange 
ment pattern has its inherent visual effect or the like. There 
fore, When the relief-structured region 1211 is constituted by 
pixels different in the arrangement pattern of the recessed 
portions, protruding portions or both of them from each other, 
a more complicated visual effect can be achieved. 

FIGS. 13 to 15 are perspective vieWs each shoWing, in an 
enlarging manner, another example of the relief-structured 
region that can be employed in the present invention. 
Although the relief-structured region 1211 is constituted only 
by the protruding regions 14b, this is merely an example. In 
the present invention, the relief-structured region 1211 may be 
constituted by the recessed portions or recessed portions and 
protruding portions. 

Each structure shoWn in FIGS. 13 to 15 is a modi?ed 
example of the structure shoWn in FIG. 3. Each of the pro 
truding portions shoWn in FIGS. 13 to 15 has a forWard 
tapered shape. It Was revealed that the forward tapered shape 
makes re?ectance of the relief-structured region 1211 for the 
regular re?ected light 33 small at any observation angle. 

In the structure shoWn in FIG. 3, the protruding portions 
14b have conical shapes. When the recessed portions, pro 
truding portions or both of them are made conical, tips of the 
recessed portions, protruding portions or both of them may be 
pointed, or may have a shape of a truncated cone. It should be 
noted that in the case Where the recessed portions, protruding 
portions or both of them are made pointed conical shape, the 
recessed portions, protruding portions or both of them have 
no surface parallel With the relief-structured region, and 
hence it is possible to make the re?ectance of the relief 
structured region for the regular re?ected light much smaller 
than that in the case Where a shapes of truncated cone is 
employed. 

In the structure shoWn in FIG. 13, the protruding portions 
14b have a shape of a quadrangular pyramid. The recessed 
portions, protruding portions or both of them may have a 
shape of a pyramid other than the quadrangular pyramid such 
as a triangular pyramid. In this case, it is possible to enhance 
the intensity of diffracted light that occurs under a speci?ed 
condition, thereby further facilitating observation. Further, 
When the recessed portions, protruding portions or both of 
them have a pyramid shape, tips of the recessed portions, 
protruding portions or both of them may be pointed, or may 
have a shape of a truncated pyramid. It should be noted that in 
the case Where the recessed portions, protruding portions or 
both of them have a pointed pyramid shape, the recessed 
portions, protruding portions or both of them have no surface 
parallel With the relief-structured region, and hence it is pos 
sible to make the re?ectance of the relief-structured region for 
the regular re?ected light much smaller than that in the case 
Where the shape of truncated pyramid is employed. 

In the structure shoWn in FIG. 14, the protruding portions 
14b have a semi-spindle shape. That is, the recessed portions, 
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protruding portions or both of them have a conical shape 
rounded at the tip thereof. In the case Where the structure 
shoWn in FIG. 14 is employed, formation of the recessed 
portions, protruding portions or both of them on the master 
and transfer of the recessed portions, protruding portions or 
both of them from the master to the light-transmitting layer 1 1 
is easier as compared With the case Where the structure shoWn 
in FIG. 3 or FIG. 13 is employed. 

Note that the structure shoWn in FIG. 7 includes the 
recessed portions 14a and the protruding portions 14b each of 
Which has a semi-spindle shape. 

In the structure shoWn in FIG. 15, the protruding portion 
14b has a structure in Which quadrangular prisms having 
different base areas are stacked one on top of another in the 
order starting With the one having the largest base area. Inci 
dentally, columnar bodies other than the quadrangular prisms 
such as cylindrical columns and triangular prisms may be 
stacked in place of the quadrangular prisms. 

In the case Where the structure shoWn in FIG. 15 is 
employed, it is not possible to make the re?ectance of the 
relief-structured region for the regular re?ected light as small 
as that in the case Where the structure shoWn in FIG. 3, 13, or 
14 is employed. HoWever, in the case Where the structure 
shoWn in FIG. 15 is employed, as in the case Where the 
structure shoWn in FIG. 14 is employed, formation of the 
recessed portions, protruding portions or both of them on the 
master and transfer of the recessed portions, protruding por 
tions or both of them from the master to the light-transmitting 
layer 11 is easier as compared With the case Where the struc 
ture shoWn in FIG. 3 or FIG. 13 is employed. 
As described above, the shape of the recessed portions, 

protruding portions or both of them in?uences the re?ectance 
of the relief-structured region. Accordingly, When the relief 
structured region is constituted by pixels different in the 
shape of the recessed portions, protruding portions or both of 
them, a gray-scale image can be displayed on the relief 
structured region. 

In the present invention, When the center-to -center distance 
of the recessed portions, protruding portions or both of them 
is 400 nm or less, it is possible to prevent diffracted light 
components Within a Wavelength range of 400 to 700 nm from 
being emitted by the recessed portions, protruding portions or 
both of them in the normal direction. According to the equa 
tion (2), the light of 400 nm is barely able to travel in the 
normal direction When illuminated at 89°. Thus, under any 
illumination condition, the recessed portions, protruding por 
tions or both of them cannot emit diffracted light in the 
normal direction at su?icient intensity Within substantially 
the Whole visible range of Wavelength. Therefore, it is pos 
sible to make the relief-structured region seen black at a 
higher degree of reliability When observed in the normal 
direction. This makes the discrimination betWeen a genuine 
article and a non-genuine article easier, and the forgery pre 
vention effect is thus enhanced. 
When the center-to-center distance of the recessed por 

tions, protruding portions or both of them is 200 nm or more 
and 350 nm or less, as for the visible Wavelength range of 400 
to 700 nm, diffracted light corresponding to at least the red 
component cannot be observed on the relief-structured 
region. According to the equation (1), light of 700 nm is 
diffracted in a direction of 89° in the case of the center-to 
center distance of 350 nm and the illumination light at 89°. 
Thus, as for substantially red light, the recessed portions, 
protruding portions or both of them cannot emit diffracted 
light in the normal direction at suf?cient intensity under any 
illumination condition. On the other hand, light of 400 nm is 
diffracted in a direction of 89° in the case of the center-to 
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10 
center distance of 200 nm and the illumination light at 89°. 
Thus, it Will be understood that blue light is the loWer limit for 
diffraction. Accordingly, in the case Where the pitch of the 
arrangement of the recessed portions, protruding portions or 
both of them is 200 nm or more and 350 nm or less, When 
illuminated at a Wide angle, diffracted light other than red can 
be observed at a similar Wide angle. Further, under the other 
conditions, no diffracted light is emitted, and no diffracted 
light is thus be perceived under ordinary observation condi 
tions. Therefore, it is possible to make the relief-structured 
region seen black at a higher degree of reliability When 
observed in the normal direction, and thus make blue or green 
diffracted light observed under a speci?c condition. This 
makes the discrimination betWeen a genuine article and a 
non-genuine article easier and more reliable, and the forgery 
prevention effect is thus enhanced. 
When the depth of the recessed portions or the height of the 

protruding portions is made larger, the relief-structured 
region becomes seen darker. For example, When the depth of 
the recessed portions or the height of the protruding portions 
is made equal to or larger than half their center-to-center 
distance, the relief-structured region becomes seen very dark. 
Therefore, When the relief-structured region is constituted by 
pixels different from each other in the depth of the recessed 
portions or the height of the protruding portions, a gray-scale 
image can be displayed on the relief-structured region. 
When the ratio of a siZe of the recessed portions or pro 

truding portions in a direction parallel With the relief-struc 
tured region to a center-to-center distance of the recessed 
portions or protruding portions in the same direction as the 
above direction is made nearer to 1:1, the relief-structured 
region becomes seen darker. Further, When the size of the 
recessed portions or protruding portions in the direction par 
allel With the relief-structured region is made equal to the 
center-to-center distance of the recessed portions or protrud 
ing portions in the same direction as the above direction, the 
relief-structured region becomes seen darkest. Accordingly, 
When the relief-structured region is constituted by pixels dif 
ferent from each other in the above ratio, a gray-scale image 
can be displayed on the relief-structured region. 

In the display according to the present invention, it is 
possible that on one of main surfaces of the light-transmitting 
layer having the relief-structured region, the re?ection layer 
is to cover at least a part of the relief-structured region, and a 
resin layer is further formed to cover at least the relief-struc 
tured region. 

For the resin layer, a resin such as acrylics, urethanes and 
epoxides can be used. Note that in the case Where a part of the 
relief-structured region is not covered With the re?ection 
layer, it is preferable that its refractive index is the same as the 
refractive index of the light-transmitting layer, because the 
effect of the relief structure is cancelled, and the presence and 
absence of the re?ection layer is thus accentuated. 
When this is done, it becomes possible to prevent the 

function of the present invention from being greatly damaged 
due to inclusion of foreign matter on the surface of the relief 
structured region. Thus, using the display according to the 
present invention, the discrimination betWeen a genuine 
article and a non-genuine article can be performed With reli 
ability and stability. The re?ectance of the re?ection layer is 
less than 100%. Covering the re?ection layer’s side of the 
light-transmitting layer With the resin layer increases the 
refractive index from the refractive index of the air (1 .0) to the 
refractive index of a resin (about 1.4 to 1 .6) and thus decreases 
the re?ectance of the interface betWeen the re?ection layer 
and the resin layer. This makes black seen deeper, and the 
visual effect becomes thus clear. 
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FIG. 16 is a plan vieW schematically showing an example 
of a labeled article including an article supporting a label for 
forgery prevention or identi?cation. In FIG. 16, a printed 
matter 100 is depicted as an example of the labeled article. In 
this case, if the above-mentioned resin layer is an adhesive 
layer or a sticky layer, it may be realiZed easily. 

This printed matter 100 is a magnetic card, and includes a 
substrate 51. The substrate 51 is made of, for example, plastic. 
A printing layer 52 and a band-shaped magnetic recording 
layer 53 are formed on the substrate 51. Further, a display 10 
is adhered to the substrate 51 as a label for forgery prevention 
or identi?cation. Incidentally, the display 10 has the same 
structure as that described previously With reference to FIGS. 
1, 2, and the like except that the displayed image is different. 

This printed matter 100 includes the display 10. Accord 
ingly, as described above, this printed matter 100 is dif?cult of 
forgery or imitation. Further, because this printed matter 100 
includes the display 10, an article Whose genuineness is 
uncertain can be easily discriminated betWeen a genuine 
article and a non-genuine article. Moreover, this printed mat 
ter 100 further includes the printing layer 52 in addition to the 
display 10, and hence it is easy to contrast the vision of the 
printing layer 52 With the vision of the display. Therefore, an 
article Whose genuineness is uncertain can be discriminated 
betWeen a genuine article and an non-genuine article easier as 
compared With the case Where the printed matter 1 00 does not 
include the printing layer 52. 

Although in FIG. 16, a magnetic card is exempli?ed as the 
printed matter including the display 10, the printed matter 
including the display 10 is not limited to this. For example, 
the printed matter including the display 10 may be other types 
of cards such as a Wireless card, an IC (integrated circuit) 
card, an ID (identi?cation) card, and the like. Alternatively, 
the printed matter including the display 10 may be securities 
such as a gift certi?cate and a stock certi?cate. Alternatively, 
the printed matter including the display 10 may be a tag to be 
attached to an article, Which is to be con?rmed as a genuine 
article. Alternatively, the printed matter including the display 
10 may be a package or a part thereof for accommodating an 
article to be con?rmed as a genuine article. 

Although in the printed matter 100 shoWn in FIG. 16, the 
display 10 is adhered to the substrate 51, the display 10 can be 
supported by the substrate by other methods. For example, 
When paper is used as the substrate, the display 10 may be 
embedded in the paper, and the paper may be opened at a 
position corresponding to the display 10. 

Further, it is not necessary for a labeled article to be a 
printed matter. That is, the display 10 may be supported by an 
article including no printing layer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1 is a plan vieW schematically shoWing a display 
according to an aspect of the present invention; 

FIG. 2 is a cross-sectional vieW of the display shoWn in 
FIG. 1 taken along the line II-II; 

FIG. 3 is a perspective vieW shoWing, in an enlarging 
manner, an example of a structure that can be employed in a 
relief- structured region of the display shoWn in FIGS. 1 and 2; 

FIG. 4 is a vieW schematically shoWing a state Where the 
relief-structured region emits diffracted light; 

FIG. 5 is a plan vieW schematically shoWing an example of 
a display, a display surface of Which is constituted by multiple 
relief-structured regions; 
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FIG. 6 is a plan vieW schematically shoWing another 

example of a display, a display surface of Which is constituted 
by multiple relief-structured regions; 

FIG. 7 is a perspective vieW shoWing, in an enlarging 
manner, another example of a relief- structured region that can 
be employed in the present invention; 

FIG. 8 is a plan vieW schematically shoWing a method of 
manufacturing a relief-structured region including recessed 
portions and protruding portions; 

FIG. 9 is a plan vieW schematically shoWing an example of 
arrangement pattern of recessed portions, protruding portions 
or both of them that can be employed in a relief-structured 
region; 

FIG. 10 is a plan vieW schematically shoWing another 
example of arrangement pattern of recessed portions, pro 
truding portions or both of them that can be employed in a 
relief-structured region; 

FIG. 11 is a plan vieW schematically shoWing another 
example of arrangement pattern of recessed portions, pro 
truding portions or both of them that can be employed in a 
relief-structured region; 

FIG. 12 is a plan vieW schematically shoWing another 
example of arrangement pattern of recessed portions, pro 
truding portions or both of them that can be employed in a 
relief-structured region; 

FIG. 13 is a perspective vieW shoWing, in an enlarging 
manner, another example of a relief- structured region that can 
be employed in the present invention; 

FIG. 14 is a perspective vieW shoWing, in an enlarging 
manner, another example of a relief- structured region that can 
be employed in the present invention; 

FIG. 15 is a perspective vieW showing, in an enlarging 
manner, another example of a relief- structured region that can 
be employed in the present invention; and 

FIG. 16 is a plan vieW schematically shoWing an example 
of a labeled article including an article supporting a label for 
forgery prevention or identi?cation. 

NOTES ON REFERENCE SYMBOLS 

10 . . . display, 11 . . . light-transmitting layer, 1211 . . . 

relief-structured region, 12b . . . non-relief-structured 

region, 13 . . .re?ection layer, 1411 . . .recessed portion, 

14b . . . protruding portion, 140 . . . intermediate portion, 

16a . . . recessed line, 16b . . . protruding line, 31 . . . 

illumination light, 32 . . . regular re?ected light or O-or 

der diffracted light, 33 . . . lst-order diffracted light, 

51 . . . substrate, 52 . . . printed layer, 53 . . . magnetic 

recording layer, 100 . . . printed matter. 

What is claimed is: 
1. A display comprising: 
a light-transmitting layer having main surfaces, one of the 
main surfaces including a relief-structured region as an 
image-constituting element, the relief-structured region 
including an intermediate portion, recessed portions, 
and protruding portions, the intermediate portion being 
a ?at surface, the recessed portions being recessed With 
respect to the ?at surface and arranged in ?rst and second 
directions crossing each other, the protruding portions 
protruding from the ?at surface and being arranged in 
the ?rst and second directions; and 

a re?ection layer supported by said one of the main sur 
faces and covering at least a part of the relief-structured 
region, 

Wherein a center-to-center distance of the recessed por 
tions and a center-to-center distance of the protruding 
portions fall Within a range of 200 nm to 500 nm. 
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2. The display according to claim 1, wherein the one of the 
main surfaces includes multiple relief-structured regions, and 
a shape, depth or height, the center-to-center distance and an 
arrangement pattern of the recessed, or protruding portions in 
at least one of the relief-structured regions are different from 
those in other relief-structured region(s). 

3. The display according to claim 1, Wherein the one of the 
main surfaces includes multiple relief-structured regions, a 
shape, depth or height, the center-to-center distance and an 
arrangement pattern of the recessed, or protruding portions in 
at least one of the relief-structured regions are different from 
those in other relief-structured region(s), and the different 
relief-structured regions are arranged adjacent to each other. 

4. The display according to claim 1, Wherein the relief 
structured region has recessed lines formed by the recessed 
portions and protruding lines formed by the protruding por 
tions, the recessed lines have almost the same longitudinal 
direction as that of the protruding lines, and the recessed lines 
and the protruding lines are alternately arranged in a direction 
crossing the longitudinal direction. 

5. The display according to claim 1, Wherein the recessed 
portions are regularly arranged in the ?rst direction at a ?rst 
center-to-center distance and also regularly arranged in the 
second direction at a second center-to-center distance, and the 
protruding portions are regularly arranged in the ?rst direc 
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tion at the ?rst center-to-center distance and also regularly 
arranged in the second direction at the second center-to 
center distance. 

6. The display according to claim 1, Wherein the ?rst and 
second center-to-center distances are different from each 
other. 

7. The display according to claim 1, Wherein the recessed, 
and protruding portions are arranged randomly. 

8. The display according to claim 1, Wherein the center-to 
center distances are 400 nm or less. 

9. The display according to claim 1, Wherein the center-to 
center distances fall Within a range of 200 nm to 350 nm. 

10. The display according to claim 1, Wherein each of a 
depth of the recessed portions and a height of the protruding 
portions is equal to or greater than half the center-to-center 
distance. 

11. The display according to claim 1, further comprising a 
resin layer, the re?ection layer covering a part of the relief 
structured region, the resin layer covering another part of the 
relief-structured region. 

12. A labeled article comprising: 
the display according to claim 1; and 
an article supporting the display. 


